Background Few studies have used preference-based quality-of-life outcomes to assess how autism spectrum disorders (ASDs) affect children and parents, and none have examined variation by ASD severity. Objective Our objective was to derive parent valuations of child and parent health associated with varying ASD severity levels. Methods Parents of children aged 3-17 years with and without ASD were selected from a nationally representative research panel to complete a survey. We asked parents time trade-off (TTO) questions to value their own and their child's current health. Parents of children with ASD were asked to report the severity of their child's core ASD symptoms. We calculated utility values from each TTO amount, and used a two-part regression model to estimate the change in parent-reported child health utility, as well as parent health utility, associated with ASD diagnosis and increasing symptom severity, controlling for respondent and child characteristics. Results Sixty-nine percent of parents responded (final sample size was 135 in the ASD group and 120 in the comparison group). In adjusted analyses, there was a 0.12 (95% confidence interval [CI] 0.03-0.21) decrease in the parent-reported health utility of children with ASD, a 15% decrease from the mean health utility of children without ASD. On average, having a child with ASD was not significantly associated with a decrease in parent health utility, but there was a 0.14 (95% CI 0.01-0.26) reduction in health utility among parents of children with severe ASD, a 15% decrease from the comparison group mean. Conclusions Overall, ASD had a significant impact on parent-reported child health utility, and the health utility of parents of children with severe ASD.
Introduction
One in 59 children in the US currently has a diagnosis of autism spectrum disorder (ASD) [1] , and there are approximately 52 million individuals with ASD worldwide [2] . As new interventions for ASD are introduced, it is important to evaluate their comparative and cost effectiveness. The quality-adjusted life-year (QALY) is the recommended health outcome measure for cost-effectiveness analyses (CEAs) and weighs time spent in a state of health by the health-related quality of life (HRQOL) or utility value associated with that health state [3, 4] . Studies typically consider QALYs of the individual patient [5, 6] , but this framework may be unsuitable for CEAs of ASD interventions. Along with the effect of ASD on an individual's social and behavioral functioning [7] , this disorder has large spillover effects on the health and quality of life of family members [8] . For example, parents of children with ASD are at higher risk of depression and anxiety than parents of children without ASD, even those with other developmental disabilities [9] [10] [11] .
Previous studies have highlighted the importance of including these family spillover effects, which are the secondary impacts of illness on caregivers and other family members, in economic evaluations [12] [13] [14] . Spillover effects of pediatric illnesses such as ASD on parents may be especially important to consider as parents serve dual roles as caregivers and healthcare decision makers [15, 16] . However, only a handful of studies have assessed preferencebased HRQOL outcomes in children with ASD, and the spillover effects on their parents, and none have examined how these health outcomes vary by parent-reported ASD severity [17] [18] [19] [20] [21] [22] .
The objective of this study is to describe parent-reported health utility values both for children with and without ASD and for their parents. We estimate how a child's diagnosis of ASD is associated with child and parent spillover health utility values, and also describe how these utility values vary across different subtypes and severity levels of ASD.
Methods
Parents of children with and without ASD were selected from a probability-based US nationally representative research panel (KnowledgePanel; GfK Custom Research, New York, NY, USA) to complete a 25-min online survey in 2011 (a link to the full survey is given in Online Appendix 1A). KnowledgePanel members receive a computer with internet access while participating, or cash incentives equivalent to $1 per survey completed for those already with internet access [23] . We conducted focus groups with 21 parents of children with ASD, and cognitive survey pretests with an additional 20 parents, prior to survey administration to aid in question development (details are reported in Online Appendix 1B).
Participant Selection
A two-phase screening process was used to select our two target samples: 1) parents who reported having a child aged 3-17 years diagnosed with ASD (ASD group), and 2) parents who reported having a child aged 3-17 years and no children diagnosed with ASD (comparison group). We defined ASD to include autism, Asperger's syndrome, or pervasive developmental disorder, not otherwise specified (PDD-NOS), consistent with the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) diagnostic criteria used at that time. The two-phase screening process used existing information in the KnowledgePanel database to screen respondents based on the age of the children in their household and diagnosis of ASD, and this information was confirmed by parent respondents before the start of the survey (additional details are reported in Online Appendix 1C). After identifying eligible families, we randomly selected one eligible child per household for the parent to reference during the survey (index child). For the ASD group, this was a 3-to 17-year-old child with ASD, and for the comparison group, this was a 3-to 17-year-old child without ASD. We excluded children younger than 3 years of age because ASD is not regularly diagnosed in this group [24] .
Survey Procedures
All respondents answered three time trade-off (TTO) questions to value (1) their own current health; (2) their index child's health; and (3) a composite health state that combined the health of both the parent and child (Online Appendix 4). The TTO method estimates each respondent's willingness to trade quantity of life for quality of life [25] . In valuing their own health, we asked parents to report the maximum amount of time he or she would be willing to give up from the end of their life (with a given remaining life expectancy of 40 years) to live in a 'perfect' state of health, without any mental, emotional, or physical health problems. To value their child's health, we asked parents to report the maximum amount of time he or she would be willing to give up from the end of their own life for their child to live without any health problems, for the child's remaining life. In a third TTO question, respondents valued a parent and child composite health state by reporting the maximum amount of time they would trade from the end of their own life for both themselves and their child to live their remaining years without health problems. This maximum TTO amount was used for all analyses.
To prepare parents for these three open-ended TTO questions, we first asked parents two dichotomous choice TTO questions before each open-ended question (Online Appendix 1D).
All respondents reported their own and their child's physical and mental health conditions. Parents of children with ASD also reported the severity of their child's core ASD symptoms-restricted interests/repetitive behaviors and social communication problems-on a three-level scale for each, with specific descriptions of each level adapted from DSM, 5th Edition (DSM-V) criteria (Online Appendix 1E) [7] .
Utility Calculation
Using the TTO data, we calculated three parent-reported utility values in the ASD and comparison groups: (1) parent health utility; (2) child health utility; and (3) a composite child and parent health utility. We first calculated the disutility of each health state by dividing the maximum amount of time each respondent was willing to trade to avoid each health state by their given life expectancy of 40 years. We then calculated utility values as 1 minus the disutility value (Online Appendix 2).
Sample
We excluded respondents if they traded more time for both the parent-only and the child-only health states compared with the parent/child composite health state (referred to as illogical responses), and also excluded respondents who left all TTO questions blank [26] .
Unadjusted Analyses
Using Chi-square tests, we compared respondent and child characteristics between the ASD and comparison groups. We calculated the mean utility values for the ASD and comparison groups and the ASD subgroups. We defined subgroups based on DSM-IV diagnostic categories (autism, Asperger's syndrome, or PDD-NOS) and a three-level ASD composite severity measure (mild, moderate, severe) derived from the parent-reported social communication and behavioral symptom severity questions (Online Appendix 1E). We estimated confidence intervals (CIs) around all mean values using bootstrapping with replacement procedures [27] .
Adjusted Analyses
We used a two-part model to evaluate the association between the ASD and ASD subgroups (independent variables) and mean parent-reported utility values for (1) parent health;
(2) child health; and (3) composite parent and child health (dependent variables). In the two-part model, the first part used a logistic regression model to estimate the association between ASD and the probability of having a utility value of < 1, and the second part used a linear regression model to estimate the association between ASD and utility values < 1. We estimated nine regression equations, with three models for each of the three utility outcomes (parent, child, composite). Predictors for the three models included (1) 'any ASD' versus no ASD; (2) mild, moderate, or severe ASD versus no ASD); and (3) autism, Asperger's, or PDD-NOS versus no ASD. We hypothesized that parents and children with ASD would have lower utility values than the comparison group, and that utility losses would increase with increasing severity of ASD. The parent utility loss associated with ASD is the spillover of the child's ASD on the parent's health utility loss, while the child and parent composite utility loss associated with ASD is a combined estimate of the child's utility loss associated with ASD and the spillover of the child's ASD on the parent's health utility loss.
We controlled for variables that previous research has indicated may have an impact on utility values, independent of health status. These included the respondent's sex, age, race/ethnicity, income, education, marital status, child's sex, age, insurance status, and presence of other children in the household [28] [29] [30] . We controlled for the presence (yes/no) of child illnesses not related to the child's ASD diagnosis in all models to minimize differences in health utility that may be associated with other health conditions. We controlled for the presence (yes/no) of parent comorbidities in the models used to estimate child health utility to ensure that parents' health was not impacting their assessment of their child's health. We evaluated the goodness of fit of each linear regression model using the model R 2 , and of each logistic regression model using McFadden's Pseudo R 2 .
Sensitivity Analyses
We reran all adjusted analyses for parent, child, and composite utilities in six sensitivity analyses: (1) tightened our exclusion criteria to further exclude ASD group respondents who did not report that an appropriate provider type (Online Appendix 1F) had diagnosed their child, or did not specify a particular subtype of their child's ASD, consistent with DSM-IV diagnostic conventions at the time of the survey;
(2) used an ordinary least squares (OLS) regression model, which ignores the 0-1 bounds on utility, instead of the twopart model; (3) calculated disutility values using discounted TTO and life expectancy amounts, using a discount rate of 3% [31] ; (4) created a two-level severity measure by combining the moderate and severe groups due to the small number of children categorized into these two categories; (5) evaluated the impact of controlling for the ASD-associated conditions of epilepsy and intellectual disability in our models; and (6) did not control for parent health status in the child health utility estimation model.
Ethics Statement
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Results
We received responses from 69% of parents-72% in the ASD group (n = 145) and 67% in the comparison group (n = 136). Responders were significantly more likely to have previous internet access (p = 0.002) and higher education (p = 0.04) than non-responders, but other demographic characteristics were similar between the groups. The final sample size was 255 (n = 135 in the ASD group; n = 120 in the comparison group, after applying exclusion criteria and eliminating missing or illogical responses (Online Appendix 3).
Parent respondents in the ASD group were more likely to be female, White, non-Hispanic, older, and more educated, versus the comparison group (p < 0.05 for all) ( Table 1) . Parents in the ASD group also had higher rates of anxiety, depression, migraines, and sleep disorders (p < 0.05) ( Table 2 ). Income and marital status were similar between groups.
There was a higher proportion of male, older children in the ASD group (p < 0.05) (Table 1) . Allergies, anxiety, attention problems, developmental coordination problems, epilepsy, gastrointestinal problems, intellectual disability, and sleep disorder were all significantly higher among children with ASD, versus the comparison group (p < 0.05) ( Table 2 ). Thirty-two percent of children with ASD had a parent-reported diagnosis of autism, 47% had a parentreported diagnosis of Asperger's syndrome, and 21% had a parent-reported diagnosis of PDD-NOS. Using our parentreported severity measure, from 128 responses, we categorized 65% of children with ASD as mild, 17% as moderate, and 18% as severe (Table 3 ).
Unadjusted Analyses
Mean parent-reported child health utility values were 0.80 (95% CI 0.75-0.86) in the comparison group and 0.56 (95% CI 0.51-0.62) in the ASD group (Table 3) . Mean parent health utility values were 0.93 (95% CI 0.91-0.96) for parents in the comparison group and 0.87 (95% CI 0.83-0.90) for parents in the ASD group. Composite values representing child and parent health states together followed the same trend, with a higher value of 0.78 (95% CI 0.72-0.83) in the comparison group versus 0.53 (95% CI 0.48-0.58) in the ASD group. All mean values were calculated excluding the respondents who left the open-ended TTO questions blank (Online Appendix 4).
Adjusted Analyses

Parent-Reported Child Health Utility
After adjusting for respondent and child characteristics, a general diagnosis of ASD was significantly associated with a 0.12 lower (95% CI 0.03-0.21) parent-reported child health utility (Fig. 1) , a 15% decrease from the comparison group mean. Mild and moderate levels of ASD were associated with 0.12 (95% CI 0.03-0.20) and 0.15 (95% CI 0.01-0.28) decreases in parent-reported child health utility from the comparison group. We did not find that the most severe group had a different parent-reported child health utility than the comparison group in primary analyses, but a combined moderate/severe level of ASD was associated with a 0.14 (95% CI 0.03-0.26) decrease in parent-reported child health utility versus the comparison group in sensitivity analyses (Online Appendix 5A). Specific diagnoses of autism and Asperger's syndrome were associated with 0.13 (95% CI 0.02-0.25) and 0.14 (95% CI 0.04-0.23) lower parent-reported child utility values versus the comparison group, respectively. Utility values for children diagnosed with PDD-NOS were not statistically different from the comparison group (Fig. 1) . Goodness-of-fit statistics for regressions estimating the association between ASD and parent-reported child health utility, parent health utility, and parent/child composite health utility are reported in Online Appendix 6.
Parent Health Utility
On average, having a child with a general diagnosis of ASD was not significantly associated with a decrease in parent health utility in adjusted analyses (Fig. 2) . However, having a child with the highest severity ASD was significantly associated with a 0.14 reduction in parent health utility (95% CI 0.01-0.26) versus the comparison group. Having a child with less severe (mild, moderate) ASD was not statistically 1.48 -associated with decreased parent health utility (Fig. 2) , but in sensitivity analyses a combined moderate/severe ASD group was associated with a 0.10 (95% CI 0.01-0.18) decrease in parent health utility versus the comparison group (Online Appendix 5B). Utility values for parents of children diagnosed with autism, Asperger's syndrome and PDD-NOS were not statistically different from the comparison group.
Parent/Child Composite Health Utility
For the parent/child composite health state ( Fig. 3 ; Online Appendix 5C), having a child with ASD was associated with a 0.14 (95% CI 0.02-0.22) decrease in parent/child health utility versus the comparison group. Utility losses increased with ASD severity: 0.14 for mild ASD (95% CI 0.06-0.22), 0.15 for moderate ASD (95% CI 0.01-0.30), and 0.34 for severe ASD (95% CI 0.31-0.37).
Sensitivity Analyses
Analyses that tightened the exclusion criteria (26 additional respondents were eliminated from the ASD group) produced similar results (Online Appendix 7) . For all adjusted analyses, results from the OLS regression models typically showed larger disutility estimates compared with two-part models (Online Appendix 8). Discounting TTO and life expectancy amounts by 3% produced smaller utility losses compared with the primary analysis (Online Appendix 9). Controlling for the ASD-associated conditions of epilepsy and intellectual disability in our models resulted in the same or smaller utility losses associated with ASD (Online Appendix 10). Not controlling for parent health status in the child health utility estimation models produced similar results to our primary analysis (Online Appendix 11).
Discussion
This study used parent-reported TTO estimates to derive utility values associated with the health of children with ASD and spillover effects on parents. On average, a general diagnosis of ASD (not stratified by severity) was significantly associated with a 0.11 decrease in parent-reported child health utility. Autism and Asperger's were significantly associated with a 0.13 and 0.14 decrease in parent-reported child health utility versus the comparison group, but were not significantly different from each other, which is consistent with the 2013 shift to the DSM-V diagnostic criteria, which combines these two disorders under the umbrella diagnosis of ASD. A general diagnosis of ASD was not significantly associated with spillover effects on parent health utility, but when the ASD diagnosis was stratified by severity, having a child with severe symptoms was significantly associated with a 0.14 reduction in parent health utility. Composite health utility values were significantly lower for a general ASD diagnosis and for specific types and severity levels of ASD, versus the comparison group. Previous analyses have reported larger utility losses for children with ASD and their parents. Studies in the US and UK estimated a 0.26-0.49 range in average child utility loss associated with ASD [17] [18] [19] [20] [21] . Previous parent spillover utility estimates associated with ASD in the US range from 0.09 to 0.26 [21, 22] . As opposed to our method, which directly elicited utility values from parents, these studies all had parents complete a multi-attribute utility (MAU) measurement tool-the Health Utilities Index (HUI)-3 [32] , EuroQol-5 Dimension (EQ-5D) [31] , Short Form-6 Dimension (SF-6D) [33] , or the Quality of Well-Being Scale-Self-Administered (QWB-SA) [34, 35] -to estimate parent and child utility values. These instruments facilitate indirect utility estimation, with answers weighted by adult community utility values. Differences from our estimates would be expected as smaller utility losses are often observed among patients who have experienced a condition, compared with a community sample, with adaptation to the health condition suggested as the rationale for this difference [36] . In this context, parentreported child health is closer to a patient than a community sample, and spillover estimates derived directly from parents are analogous to patient samples that have directly experienced a health condition.
For utility values included in CEAs, US guidelines recommend using an MAU instrument, such as the EQ-5D, that is completed by patients and weighted with community utility values [37] . We chose instead to use the TTO, a direct method, because of concerns that the domains in the available MAU instruments would not fully capture components of HRQOL most relevant to children with ASD, including social, communication, and behavior problems. Our estimates, which produced smaller utility losses than previous indirect methods, could indicate that these concerns about MAU instrument sensitivity were not important, or could instead reflect the expected differences in patient versus community values as described above, and we do not have the ability to disentangle these two important differences.
Incorporating family HRQOL spillover effects into CEAs has received increasing attention in the last decade, and updated guidelines for US and UK CEAs support the inclusion of these effects [38, 39] . A previous review of the pediatric CEA literature found that incorporating family spillover effects into these analyses yields ratios that are meaningfully different from those excluding family spillover effects approximately half of the time [40] . Including these effects for CEAs of ASD therapies is especially important due to the well-known impact that ASD has on families, and our results indicate that this may be particularly true for interventions provided for the most severely affected children.
Although guidelines recommend the inclusion of family spillover effects in CEAs, there is no consensus on how best to assess these effects and incorporate them into analyses [41, 42] . In this study, we asked parents to value their own and their child's health separately and then to value their own and their child's health together in a composite health state. We found that when the child and parent utility losses are valued separately and added together, these estimates exceed the composite utility loss estimates. This may indicate that parents may have had trouble disentangling their own and their child's health in separate valuation questions [16, 43] , although sensitivity analyses that did not control for parent comorbidities when estimating child health utility values produced similar results to our primary analyses that did. This may also suggest that the parent and child utility effects are not additive. The discrepancy observed between these two methods has been observed in previous research [13] , and the potential for these differences to influence the results of CEAs highlights the need for more standard methods. Proposed frameworks being developed for estimating spillover include both additive models and multiplier effects [41, 42] .
The TTO technique is one way to value health, and we have used that valuation in this study to represent a utility, but other value elicitation methods may have produced different results [44] . Specific challenges exist when the TTO technique is used in the context of valuing parent-reported child and parent health [45, 46] . When parents are asked to trade time from their own life to improve their own health or the health of their child, they may avoid trading time because of their caregiving responsibilities [43] . We asked respondents to assume they had a 40-year life expectancy, but respondents' actual life expectancies may have influenced their TTO responses. We did not elicit values from children directly due to the cognitive demands of the TTO [43] . These concerns are particularly relevant for children with ASD, who are more likely to have intellectual, communication, and behavioral difficulties [47] . In the context of ASD, the wording that we choose for the TTO question highlights the common negative aspects of living with a developmental disorder, for example referring to traits of ASD as 'symptoms', but does not explicitly highlight any potentially positive aspects of having a condition such as ASD, which some families celebrate [48] . There are no standard approaches for analyzing utility data due to the typically non-parametric distribution of these Fig. 3 Adjusted changes in composite health utility values associated with having a child with ASD, or having a child in a specific diagnostic or severity subgroup of ASD, all compared with not having a child with ASD. These regression models controlled for respondent's sex, age, race/ethnicity, income, education, marital status, child's sex, child's age, insurance status, the presence of other children in the household, and the presence of child illnesses not related to the child's ASD diagnosis. Bars around point estimates represent bootstrapped 95% CIs. We estimated CIs around regression coefficients using non-parametric bootstrapping procedures. ASD autism spectrum disorder, PDD-NOS pervasive developmental disorder, not otherwise specified, CI confidence interval data, which are bounded between 0 and 1. We chose to use a two-part model as our utility distributions had a large proportion of utilities equal to 1. Previous work has shown that in these circumstances, two-part models perform better than OLS [49] . As family spillover utility estimates tend to be small in magnitude [50] , and sample distributions may contain a large number of perfect health utility values equal to 1, the two-part model may be particularly well-suited to these data. In sensitivity analyses, we found that estimates of utility loss increased considerably with an OLS model. Study limitations include a relatively small sample size, limiting generalizability and our ability to detect differences between groups. We used a parent-reported ASD diagnosis, however this has been shown to be highly reliable when verified against professional diagnostic documentation [51] . We also used a parent-reported measure of ASD severity based on levels of social communication and repetitive behavior impairments, adapted from DSM-V criteria. Clinical assessment with the Autism Diagnostic Observation Schedule (ADOS) is the gold standard for the assessment of the severity of these impairments, and misclassification with parent reporting may have occurred.
Conclusions
Our findings suggest that ASD has a significant impact on the average health utility values of children, but not of parents, however this impact is influenced by the severity of children's core social communication and repetitive behavior symptoms. Few studies have assessed the cost effectiveness of ASD interventions [52] . Although not community values, the valuations derived from these data may be useful in future CEAs of ASD interventions that demonstrate the value of interventions for ASD. As ASD interventions are aimed at symptom reduction, the utility values from this study stratified by severity level may be particularly important.
